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ABSTRACT 
Inhibitors of protein tyrosine phosphatase 1B (PTP1B) are promising agents for the 
treatment of type 2 diabetes and obesity. From the alcoholic extract of the aerial parts of 
Selaginella tamariscina, four compounds including selaginellin (1), amentoflavone (2), β-
sitosterol (3), and scoparone (4) have been isolated and structurally elucidated by using 
combined chromatographic and spectroscopic experiments. Among the isolates, selaginellin (1) 
and amentoflavone (2), exhibited potential PTP1B inhibitory activities with IC50 values of 15.9 ± 
0.6 and 7.4 ± 0.5 µM, respectively. 
Keywords: Selaginella tamariscina, PTP1B inhibitors, biflavonoids, selaginellins, Quyen ba. 
1. INTRODUCTION 
Diabetes mellitus is a major and growing public health problem throughout the world. The 
most recent estimates in 2014 showed that 387 million people were living with diabetes and this 
number was set to rise beyond 592 million in less than 25 years [1]. Type 2 diabetes (T2D), or 
noninsulin-dependent diabetes mellitus, is the most common type accounting for approximately 
90% of the total cases among the three types of diabetes [2]. This type is characterized by a 
resistance to insulin, a peptide hormone produced by β-cells in the pancreas, which is 
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responsible for glucose homeostasis [3, 4]. The insulin signaling pathway is negatively regulated 
by protein tyrosine phosphatases, most notably, protein tyrosine phosphatase 1B (PTP1B) [4]. 
The overexpression of PTP1B has been shown to inhibit the increased expression of insulin in 
insulin-resistant states [5]. Furthermore, recent genetic evidence has shown that PTP1B gene 
variants are associated with changes in insulin sensitivity [6]. At the genetic, molecular, 
biochemical, and physiological levels, PTP1B seems to be a promising drug target for the 
treatment of T2D and at-risk obese patients [7]. In this study, we report the isolation, structural 
elucidation, and biological investigation of the chemical compounds from the aerial parts of a 
Vietnamese medicinal plant S. tamariscina.   
2. MATERIALS AND METHODS 
2.1. Plant material 
The aerial parts of Selaginella tamariscina were collected at Quang Ninh province in 2015. 
The sample was identified by Dr. Phuong Thien Thuong (Vietnam National Institute of 
Medicinal Materials, 1A-Quang Trung, Ha Noi). A voucher specimen (ST2015-10) was 
deposited at the Institute of Natural Products Chemistry, VAST. 
2.2. Extraction and isolation 
The dried aerial parts of Selaginella tamariscina (1.0 kg) were cut into small pieces before 
extracted with MeOH under sonication for 10 h, each 2 L for 3 times. The MeOH-soluble extract 
was dried under reduced pressure to give a crude MeOH-extract. This crude extract was 
directlysubjected onto a silica gel column chromatography (10 × 80 cm I.D; 63–200 μm particle 
size), using a gradient solvent system of CHCl3:MeOH (20:1 → 0:1), to yield twenty combined 
fractions (ST.1 to ST.20) according to their TLC profiles. Fraction ST.5 was re-
chromatographed over an open silica gel column (2.5 × 60 cm), eluting with n-Hexane:Acetone 
(5:1 – 1:1), afforded 7 subfractions and compound 4 (15 mg) after crystallization in 
Hexane/Acetone. Fraction 15 was also refractionated by an open C18 reversed-phase (RP-18) 
column chromatography (3.0 × 60 cm; 40–63 μm particle size) and eluted with MeOH–H2O 
solvent mixture (from 2:1 to 1:0, 2 L for each step) to afford six subfractions (ST.15-1 to ST.15-
6). Subfraction ST.15-2 was further purified by a preparative packing flash column, usingYMC 
RP_C18silica gel (75 μm particle size), eluting with an isocratic solvent system of MeOH–H2O 
(1:2) to give compound 2 (14.8 mg). Similarly, fraction ST.18 was also chromatographed over 
an open silica gel column, using a gradient solvent system of CH2Cl2–MeOH with increasing 
polarity, to afford ten subfractions (ST.18-1 to ST.18-10). Compound 1 was purified from 
subfraction ST.18-3by a C18 reversed-phase packed column chromatography (2.5 × 20 cm I.D.; 
75 μm particle size) using a gradient solvent system of MeOH–H2O (1:4 to 1:1).Compound 3 
(21 mg) was obtained from fraction ST.3 by further crystallization after separation by open silica 
gel column chromatography with an gradient solvent system of n-Hexane–Acetone from 10:1 
with increasing polarity.  
2.3. Protein tyrosine phosphatase 1B (PTP1B) inhibitory assay 
Protein tyrosine phosphatase 1B (human recombinant) was purchased from Biomol 
International LP, Plymouth Meeting, PA, USA, and the inhibitory activities of the tested samples 
were evaluated using the method as described [8]. 
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3. RESULTS AND DISCUSSIONS 
Using chromatographic methods,four compounds (14) were isolated from a Vietnamese 
medicinal plant S. tamariscina (Fig. 1). Compound 3 was established as β-sitosterol by direct 
comparison of its morphology and TLC pattern with authentic sample. Compound 4 was 
identified as scoparone by comparing TLC and NMR data with published article [9]. 
 
Figure 1. Chemical structure of isolated compounds (14) from Selaginella tamariscina. 
Compound 1 was isolated as red amorphous powder, its molecular formula, C34H24O5, was 
obtained from the molecular ion peak at m/z 512.1621 [M]+ (calcd. for 512.1624) in the HR-EI-
MS. The 1H and 13C NMR spectroscopic data of 1(Tables 1) were characteristic for a selaginellin 
analogue [10], and these assignment were supported by 1H1H COSY and 13C1H HMQC 
NMR techniques. In the 1H and 13C NMR spectra of 1, the typical signals of an alkynyl 
substituent at δC 84.7 and 100.7, an AB spin system at δH 7.33 and 7.70 (each 1H, d, J = 8.0 Hz) 
for the ortho-tetrasubstituted A-ring, four AA′BB′ systems [δH6.98 and 6.62 (each 2H, d, J = 8.8 
Hz); δH 6.76 and 6.53 (each 2H, br d, J = 8.4 Hz)] for the para-substituted B- and E-rings, and 
the symmetrical signals at δH 7.14 and 6.51 (each 4H, br d, J = 8.8 Hz) for the C and D-rings 
were apparent. The alkynyl group was connected to the B-ring based on HMBC correlations 
between H-29 and H-33 and C-28. The linkage between the C-ring and the D-ring was located at 
C-7 (165.6), as demonstrated by the HMBC cross-peaks of H-3, H-5/C-7 and H-8, H-12/C-7 
(Fig.2). The E-ring was connected to the A-ring at C-18 as supported by the HMBC correlations 
between H-20/H-24 and C-18 and H-17/C-18 and C-25. Hence, C-19 (142.4) in the A-ring was 
the only position left for C-7. All of the above structural features for compound 1 were identical 
with those of selaginellin [10].Detailed comparison of the spectroscopic data of 1 with reported 
values led to identify the structure of compound 1 as selaginellin. 
Compound 2 was obtained as yellow powder, the molecular formula, C30H18O10, was 
obtained from a molecular ion peak at m/z 538.09 on its EI-MS. Its 1H and 13C NMR spectra 
showed a pair of signal with a ratio of 1:1. Of which, two proton resonances at 12.8 and 12.9 
(each 1H, s) and two quaternary carbon resonances at 183.0 and 183.3 were characteristic of 
conjugated 5-OH, 5-OH, C-4 and C-4 of a flavonoid skeleton. The above observation 
revealed a structure of a biflavone-type skeleton [11]. The 1H NMR spectrum exhibited an ABX 
aromatic spin system [7.17 (d, 8.8, H-5), 7.88 (dd, 2.0, 8.8, H-6), and 8.15 (d, 2.0, H-2)], 
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an AABB system [7.51 (d, 8.8, H-2/H-6) and 6.77 (d, 8.8, H-3/H-5)], 
and five singlet/broad singlet signals which assignable to H-3 (6.64), H-6 (6.20), H-8 (6.55), H-
3 (6.54), and H-6 (6.41). In the 13C NMR spectrum, 10 quaternary oxygenated aromatic 
carbon signals were observed, in addition to 2 ketone, 6 quaternary carbons, and 12 aromatic 
carbons. The correlations between proton-proton, carbon-proton, and proton-carbon, as well as 
the arrangement of each proton-carbon position were further supported by gCOSY, gHSQC, and 
gHMBC experiments. In the gHMBC spectrum, correlation between H-2 (8.15, d, 2.0) and C-
8 (104.2) indicated that the linkage of two flavone-skeletons to make the biflavone structure 
via the C-3―C-8 bond (Fig. 2). Together with comparing the NMR data with the reported 
values, compound 2 was thus identified as amentoflavone [12]. 
 
Figure 2. 1H → 13C key HMBC correlations of compounds 1 and 2. 
Table 1. 1H (500 MHz) and 13C (125 MHz) NMR spectroscopic data of compounds 1 and 2. 
Pos. 
1a  
Pos. 
2b 
δH (J in Hz) δC  δH (J in Hz) δC 
1  165.6  1   
2 6.51 (br, d, 8.8) 122.3  2 6.64 (s) 165.0 
3 7.14 (br, d, 8.8) 138.9  3  104.0 
4  131.9  4  183.0 
5 7.14 (br, d, 8.8) 138.9  5  163.1 
6 6.51 (br, d, 8.8) 122.3  6 6.20 (d, 1.6) 99.9 
7  165.6  7  165.1 
8 7.14 (br, d, 8.8) 138.9  8 6.55 (br, s) 94.9 
9 6.51 (br, d, 8.8) 122.3  9  158.7 
10  165.6  10  105.2 
11 6.51 (br, d, 8.8) 122.3  1  123.3 
12 7.14 (br, d, 8.8) 138.9  2 8.15 (d, 2.0) 132.6 
13  131.9  3  120.7 
14  123.9  4  160.3 
15  143.0  5 7.17 (d, 8.8) 117.4 
16 7.70 (d, 8.0) 128.9  6 7.88 (dd, 2.0, 8.8) 128.9 
17 7.33 (d, 8.0) 131.1  1   
18  143.6  2  165.1 
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19  142.4  3 6.54 (s) 103.4 
20 6.76 (br, d, 8.4) 131.2  4  183.3 
21 6.53 (br, d, 8.4) 115.9  5  162.6 
22  158.0  6 6.41 (s) 100.0 
23 6.53 (br, d, 8.4) 115.9  7  156.0 
24 6.76 (br, d, 8.4) 131.2  8  104.2 
25  133.1  9  162.7 
26 4.94 (s) 63.7  10  105.4 
27  84.7  1  123.0 
28  100.7  2 7.51 (d, 8.8) 129.1 
29 6.98 (br, d, 8.8) 134.2  3 6.77 (d, 8.8) 116.7 
30 6.62 (br, d, 8.8) 116.5  4  161.8 
31  159.6  5 6.77 (d, 8.8) 116.7 
32 6.62 (br, d, 8.8) 116.5  6 7.51 (d, 8.8) 129.1 
33 6.98 (br, d, 8.8) 134.2  5-OH 12.8 (s)  
34  114.6  5-OH 12.9 (s)  
aMeasured in acetone-d6, bMeasured in CD3OD. 
The inhibitory effects of isolated compounds 14 on PTP1B enzyme activity were 
measured using ursolic acid [13] as positive control. Among the isolates, selaginellin (1) and 
amentoflavone (2) exhibited potential PTP1B inhibitory activities with IC50 values of 15.9 ± 0.6 
and 7.4 ± 0.5 µM, respectively. The others were weak active with IC50 values > 50 µM. 
4. CONCLUSIONS 
Biflavonoids, selaginellins, lignanoids, alkaloids, and terpenoids have been reported as 
chemical constituents of this plant. In this study, the chemical composition of the Vietnamese S. 
tamariscina has been primarily investigated. The result showed that the Vietnamese species also 
contained abundant chemical composition, including selaginellin (1), biflavonoid (2), terpenoid 
(3), and coumarinoid (4). Among these, selaginellin (1) and amentoflavone (2) possessed 
potential PTP1B inhibition, indicating the potential of these compounds for developing 
antidiabetic agents. To the best of our knowledge, this is the first time that all these compounds 
has been isolated from Vietnamese S. tamariscina and scoparone, in particular, was isolated 
from this genus for the first time.  
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Các chất ức chế enzyme protein tyrosine phosphatase 1B (PTP1B) được coi như những tác 
nhân tiềm năng trong ứng dụng điều trị bệnh tiểu đường và béo phì. Từ dịch chiết cồn phần trên 
mặt đất của loài Quyển bá Việt Nam (S. tamariscina), 4 hợp chất bao gồm selaginellin (1), 
amentoflavone (2), β-sitosterol (3), và scoparone (4) đã được phân lập và nhận dạng cấu trúc hóa 
học bằng cách sử dụng phối hợp các phương pháp sắc ký và phương pháp phổ (NMR, IR, UV, 
MS). Trong số các hợp chất này, selaginellin (1) và amentoflavone (2) thể hiện hoạt tính ức chế 
hoạt lực enzyme PTP1B mạnh với các giá trị IC50 đo được lần lượt là 15,9 ± 0,6 và 7,4 ± 0,5 
µM. 
Từ khóa: Selaginella tamariscina, chất ức chế PTP1B, biflavonoids, selaginellins, Quyển bá. 
 
 
